Introduction
Definitive chemoradiotherapy (CRT) is one curative treatment for esophageal squamous cell carcinoma (ESCC). However, the high local recurrence rate (40%) [1] is one of the major problems, because a recurrent or residual local tumor in the primary site after CRT tends to grow rapidly and develop esophageal stricture resulting dysphagia in a short time. Appropriate salvage treatment for local failure after CRT is now required to improve both the patient's prognosis and quality of life. At present, salvage surgery or second-line chemotherapy is generally indicated for local failure after CRT. The treatment outcome of second-line chemotherapy for patients with treatment failure after definitive CRT is poor and a cure could not be expected (i.e., median survival time; 8.1 months and 1-year survival rate; 34%) [2] . Thus, only a salvage esophagectomy has a high probability of achieving a long-term survival (5-year survival rate; 25%) and providing a cure for patients with a T2 or earlier T-stage tumor or for patients without lymph node metastasis [3] . However, the morbidity and mortality rates of salvage esophagectomy are reported to be high [3] . Therefore, the establishment of minimally invasive and curative salvage treatment options for local failure is essential for improving the survival and quality of life of the patients treated with CRT. In addition, patients who achieve a complete response (CR) with CRT are very unlikely to experience a recurrence in locoregional lymph nodes (1%) and distant metastasis (9%) [4] . Therefore, a local treatment might have a curative potential for the patients with local failure after CRT. Endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) as the salvage treatment for local failure after CRT has acceptable outcomes only for superficial mucosal lesions in the esophagus [5] ; however, these procedures are not indicated for deeper lesions because of technical limitations. By contrast, photodynamic therapy (PDT) could be theoretically indicated for the esophageal cancer invading to the shallow layer of the muscularis propria in the esophagus [6] . Yano et al. applied PDT as a salvage local treatment (salvage PDT) and reported promising results [7] [8] . Nevertheless, at present, salvage PDT is not recognized widely as a salvage treatment for local failure after CRT. In this study, we retrospectively investigated the efficacy and the safety of PDT as a local salvage treatment for the patients with local failure after CRT for ESCC.
Patients and Methods

Patients
From August 2007 to March 2012, 193 consecutive patients with ESCC received CRT or RT as a first-line treatment with >50 Gy external beam irradiation at the Kyoto University Hospital, and their clinical records were reviewed retrospectively. Nineteen patients were excluded because of the lack of clinical information or discontinuation of follow-up. Remaining 174 patients were included in this study. The clinical course of the patients is shown in Figure 1 . After completion of the first-line CRT or RT, 128 patients achieved a CR and 46 did not achieve a CR (non-CR). Forty-nine of the 128 patients who achieved a CR developed recurrence subsequently. Among the 95 patients who experienced first-line treatment failure (49 patients with recurrent disease and 46 patients with residual disease), 47 patients developed local failure at the primary site without distant failure such as metastasis to the lymph nodes or other organs. Four of these patients received a salvage esophagectomy, 13 received second-line chemotherapy, four received salvage endoscopic treatment (EMR/ESD), two received best supportive care, and the other 24 received salvage PDT. We performed salvage PDT using porfimer sodium as a photosensitizer and the excimer dye laser as the laser light for 18 patients in the clinical practice and for six patients with Laserphyrin and diode laser in a clinical trial. Finally, 18 patients who were treated with salvage PDT in the clinical practice were included in this study. All information was collected from medical records. Written informed consent was obtained from all patients before performing salvage PDT. 
Indication of Salvage PDT
Salvage PDT was indicated for patients who fulfilled the following criteria: 1) local failure at the primary site in the esophagus after definitive CRT; 2) clinical N0 M0 stage defined by computed tomography (CT) at the time of salvage, 3) if the lymph node or distant metastases were expected to be stable with other therapies, these patients were also regarded as eligible; 4) the depth of the local failure at the primary site was estimated to be within the submucosa (uT1b) or the muscularis propria (uT2) by endoscopic ultrasound (EUS); 5) the patient refused a salvage esophagectomy or the physical condition was poor and surgery was contraindicated; and 6) written informed consent had been provided.
Identification and Evaluation of Locoregional Failure after Definitive CRT or Radiotherapy
To detect local failures at an early stage, careful and close endoscopic surveillance were performed. Until the confirmation of a CR, the follow-up examinations using esophagogastroduodenoscopy (EGD) and CT were performed every month after the completion of CRT or RT. After confirmation of a CR, follow-up examinations were performed every 2 or 3 months for 2 years, and every 6 months thereafter. Pathological confirmation using biopsy specimens obtained from the primary site was performed for every follow-up endoscopic examination. If a suspicious lesion was detected, a detailed evaluation to confirm whether the tumor like lesion was detected and grade of the invasion by EUS (ultrasound system, EU-ME1; miniature probe, UM-S20-20R: Olympus Medical Systems Co. Ltd, Tokyo, Japan). Clinical staging was determined by the 7 th TNM classification of the International Union Against Cancer [9] . Clinical T stage was determined by considering all findings obtained by EGD, EUS, and CT. Clinical N and M stages were evaluated by CT of the neck, chest and abdomen. Lymph node metastases were diagnosed when the size of the lymph node was >10 mm in diameter on CT. A CR at the primary site was defined as follows: 1) disappearance of the tumor lesion and ulceration as shown by EGD, and 2) histological absence of cancer cells in endoscopic biopsy specimens obtained from the primary site [10] . Local fail- Other photosensitizer: 6
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Porfimer sodium: 18 ure was diagnosed when the primary site showed macroscopic progression with histological confirmation of cancer cell. In the case with macroscopic progression but without histological confirmation, the existence of the marginated heteroechoic solid component in the esophageal layer by EUS was considered to indicate local failure. Local failure was classified into a residual or recurrent lesion. A residual lesion was defined as a lesion that developed but never achieved CR after completion of CRT or RT. A recurrent lesion was defined as a lesion that had regrown after it had achieved CR.
Salvage PDT
We use a wavelength of 630 nm for the excimer dye laser (EDL-1, Hamamatsu Photonics, Hamamatsu, Japan) as the laser beam and 2 mg/kg of porfimer sodium as the photosensitizer. We irradiate the laser beam through the endoscope 48 and 72 h after the injection of the photosensitizer. Patients need to be shielded from bright light, especially sunlight to prevent photosensitivity for about 1 month after the injection of photosensitizer. We set up the laser beam at 75 J/cm 2 and irradiate the target lesion. We perform EGD once a week until the irradiated site becomes completely scarred to remove the necrotic tissue and dilate the irradiated site with the endoscopic balloon to prevent the formation of an esophageal stricture. The treatment schedule after the salvage PDT is shown in Figure 2. 
Statistics
Statistical analysis was performed using SPSS software, version 20 (IBM Corp., Armonk, NY). Progression-free survival (PFS) was measured from the date of initial PDT to the first date of detection of a histologically proven residual or recurrent lesion at the primary site, disease progression at any site, or the patient's death. Overall survival (OS) was measured from the date of initial PDT to the date of the patient's death for any reason or the date of the patient's last follow-up visit. Survival time was calculated by the Kaplan-Meier method.
Results
Patients' Characteristics
Patients' baseline characteristics before first-line CRT and before salvage PDT are summarized in Table 1 . The patients included 14 men and four women with a median age of 70.8 years (range 54 -83 years). All 18 patients had histologically proven ESCC before CRT. Thirteen patients were confirmed histologically to have recurrent or residual ESCC before PDT and five patients were assessed as having local failure clinically by EGD and EUS. In all patients, the depth of the recurrent or residual lesion was estimated by EUS to be within the submucosa (uT1b) or the muscularis propria (uT2). The clinical TNM stages [9] before salvage PDT were N0 M0 in 16 pa- Figure 2 . Treatment schedule of salvage photodynamic therapy (PDT). The excimer dye laser is irradiated at 48 h (and at 72 h if the additional irradiation is needed) after the intravenous administration of 2 mg/kg of photosensitizer (Porfimer sodium). Patients need to fast for 1 day (or 2 days if the additional irradiation is needed) and to avoid direct exposure to sunlight to prevent photosensitivity for 1 month after the injection of photosensitizer. We perform esophagogastroduodenoscopy (EGD) once a week until the irradiated site becomes completely scarred to remove the necrotic tissue, and we use on-demand endoscopic balloon dilatation to prevent the development of stricture. tients, N1 M0 in one patient, and N1 M1b (LYM) in one patient. Lymphoid metastases in two patients were evaluated as stable disease at the time of salvage PDT.
Response to Salvage PDT
CR at primary site was achieved by salvage PDT in 11 of 18 patients (61.1%). The CR rates of the 12 patients with uT1 and the six patients with uT2 were 66.7% (8/12) and 50.0% (3/6), respectively. The endoscopic findings of a representative case in which primary CR was achieved by salvage PDT are shown in Figure 3 . For a median follow-up of 28.3 months, the PFS rates at 1 and 2 years from the initiation of salvage PDT were 38.9% (95% CI, 16.4 -61.4) and 33.3% (95% CI, 11.6 -55.1), respectively (Figure 4(a) ). The OS rates at 1 and 2 years from the initiation of salvage PDT were 77.8% (95% CI, 58.6 -97.0) and 60.6% (95% CI, 37.8 -83.4), respectively (Figure 4(b) ). 
Complication of Salvage PDT
Several complications were observed after salvage PDT. Esophageal stricture requiring endoscopic balloon dilatation was observed in 7/18 (38.9%) patients even though preventive endoscopic balloon dilatation was performed weekly after the salvage PDT in 9/18 (50.0%). Esophageal obstruction caused by necrotic tissue was observed in 9/18 (50.0%) patients. Photosensitivity was observed in 3/18 (16.7%) patients. The grades were grade 1 (painless erythema) in one patient and grade 2 (painful erythema) in two patients; grade 3 (erythema with desquamation) and grade 4 (life-threatening; disabling) were not observed ( Table 1) . There were no severe adverse events such as esophageal perforation, mediastinitis, pneumonia, or treatment-related death. 
Clinical Course after Salvage PDT
Five of the 11 patients (45.5%) who achieved CR by salvage PDT are still alive without any recurrence, two patients (18.2%) died from ESCC, and one patient (9.1%) died from another disease. By contrast, seven patients (38.9%) did not achieve primary CR after salvage PDT. Five of these patients showed regrowth of the local residual tumor; three were treated with PDT again, one was treated with salvage esophagectomy, and one received systemic chemotherapy. Another two of the five patients developed both local residue and lymph node metastases, and received systemic chemotherapy. Two of the seven patients who did not achieve primary CR (28.6%) are still alive with the disease; five of these patients (71.4%) died from ESCC. Finally, after a median 28.3-month follow-up, five patients are still alive without any recurrence, two patients are alive with the disease, eight patients had died from ESCC, and three patients had died from another disease.
Discussion
There are some reports of PDT as a first-line treatment for ESCC [6] ; however, only a few studies have reported on the use of PDT for salvage treatment for failure of first-line CRT. Yano et al. reported on the efficacy and safety of PDT as a salvage treatment for failure after the CRT for ESCC [7] [8] . In this retrospective analysis, salvage PDT showed a high primary CR rate, which led to high PFS and OS rates 1 and 2 years after the initia- tion of salvage PDT. Salvage PDT was indicated for patients who refused a salvage esophagectomy or whose general condition was poor and thus could not receive esophagectomy. The only treatment option other than salvage PDT for these patients was systemic second-line chemotherapy. However, the overall response rate is low and a CR is not expected by second-line chemotherapy after CRT [3] [11] [12] . Considering the poor results of second-line chemotherapy, the high CR rate (61.1%), PFS rates at 1 and 2 years (38.9% and 33.3%) and OS rates at 1 and 2 years (77.8% and 60.6%) achieved by salvage PDT seem to be acceptable. In this study, CR rate was higher in patients with uT1 (66.7%) than in uT2 patients (50.0%) (P = 0.49). The OS rate was higher in patients with uT1 than in uT2 patients (P = 0.059) (Figure 5) . These results suggest that the early detection of a residual or recurrent local lesion might have contributed to the promising result. Therefore, it is important to establish a careful follow-up strategy for patients after CRT. Several mild complications such as esophageal stricture (38.9%), esophageal obstruction (50.0%), or photosensitivity (16.7%) were observed after the salvage PDT, but there was no severe adverse events or treatment-related deaths. For elder patients, especially those with severe coexistent disease, or patients with clinical T4 stage before CRT, salvage surgery is difficult to apply because of the high risks of mortality and morbidity. Although six patients older than 75 years and 10 patients with clinical T4 stage ESCC before CRT were included in this analysis, salvage PDT could undergo without any severe complications. From these aspects, PDT is a safe and effective treatment option provided local failure after CRT for carefully selected patients, such as those with local recurrence or residue without lymph node metastasis, or those whom surgery would be intolerable because of physical complications. At present, EMR/ESD, PDT, and esophagectomy could be a treatment option as salvage treatments for failure after CRT for ESCC. Salvage EMR or ESD was reported as a safe and promising treatment option only for superficial residual or recurrent lesions. Salvage esophagectomy is applied for non-T4 (≤T3) local failure or regional lymph node failure, although it has high risks of mortality and morbidity. The salvage PDT could be indicated for local failure after CRT when the residual or recurrent lesions are suspected at stage T2 or earlier and without lymph node or distant metastasis; that is, salvage PDT takes a mean position between salvage EMR/ESD and esophagectomy. In the present study, 5/18 (27.8%) patients did not have a histologically proven residual or recurrent tumor before salvage PDT. We cannot deny the possibility that the CR rate might be flattered by these patients. However, even these patients had apparent tumor growth at the primary site and EUS also showed suspicious tumor echo. By contrast, missing the appropriate timing of salvage treatment may decrease the patient's chance of survival. Therefore, we applied salvage PDT as soon as possible for patients with any suggestive findings such as progressive development of ulceration or submucosal elevation evaluated by endoscopic examination and EUS without a histological confirmation of ESCC. The problems associated with porfimer sodium used as a photosensitizer and the excimer dye laser (EDL-1) used as the laser light in this study are as follows: 1) the necessity of a long period shielded from light (about 1 month), 2) a high frequency of esophageal obstruction caused by necrotic tissue, and 3) the cost and the large size of the equipment. The other PDT method using the photosensitizer talaporfin sodium and a diode laser is expected to overcome those problems. A Phase I/II study of PDT using talaporfin sodium and a diode laser as a salvage treatment for local failure after CRT or RT for patients with ESCC (UMIN000003970) is ongoing. Because of the small number of cases (18 cases), relatively short median follow-up period (28.3 months), inclusion of histologically unproven patients, and retrospective design of this study, we cannot draw definitive conclusions about the efficacy and safety of salvage PDT for local failure after CRT for ESCC patients from the results of this work alone. However, the results presented here provide valuable data about the safety and efficacy of salvage PDT because the frequency of patients who have an eligible lesion for salvage PDT is low. We think it is important to accumulate significant evidence about the effects of salvage PDT to generalize for use in daily clinical practice.
Conclusion
In conclusion, salvage PDT may be a promising treatment option for patients with the local failure after CRT for ESCC when their residual or recurrent lesions are suspected at stage T2 or earlier and without the lymph node or the distant metastasis. It is important to accumulate a greater number of cases to confirm whether salvage PDT is an effective and safe treatment option for local failure after CRT for ESCC.
